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(54) LITHIUM SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent fluctuation of a 
resistance of a mix at every position of an electrode plate 
and in every cell, by generating hydrostatic pressure in the 
space in an assembled battery case and outside a cell case, 
and by pressurizing all electrode plates with the same 
pressure value. 

SOLUTION: It is preferable that a cell case is made of a 
laminated film composed of metal foil, which is not 
destructed by a pressure in a range of 0.1-10kg/cm2 and is 
made from easily deformed material, and a synthetic resin 
film. LiCo02, LiNi02, Ni site substitution type Lithium 
nickelate, LiMn04 p spinel type lithium manganate, lithium- 
manganese composite oxide and the like are recommended 
for positive electrode material. Metal or alloy and the like 
selected from A1, Sn f Si, In, Ga, Mg, is recommended for 
negative electrode material. Solution in which LiPF6, LiSbF6 
and the like are dissolved in propylene carbonate, and held by 
macromolecule such as ethylene oxide is used for the 
electrolyte. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the group cell which a negative electrode which can carry out insertion desorption of the 
lithium and a positive electrode, and a case which contains nonaqueous electrolyte and these are 
consisted of, and it comes to contain in a group cell case, combining a unit cell two or more out of 
the above-mentioned unit-cell case The lithium secondary battery characterized by pressurizing a 
unit cell using the hydrostatic pressure produced in a group cell case by filling up the space within 
the above-mentioned group cell case with at least one kind of a gas, a liquid, or solid-state powder, 
or those quality of mixture. 

[Claim 2] The case of the above-mentioned unit cell is 0.1 to 10kg/cm2. Lithium secondary battery 
according to claim 1 currently made using the ingredient which may deform easily, without destroying 
by the pressure of the range. 

[Claim 3] The lithium secondary battery according to claim 1 or 2 currently made from the laminate 
film with which the case of the above-mentioned unit cell consists of a metallic foil and synthetic- 
resin film. 

[Claim 4] A chemical formula positive active material LiCo02, LiNi02, LiNi1-xMx02 (However, they 
are M=Co, and Mn, aluminum, Cu, Fe, Mg, B and Ga.) nickel site permutation mold nickel acid lithium, 
LiMn 204 which are expressed with x=0.01-0.3 LiMn03, LiMn203, LiMn02, Li2Cu02, LiV308, LiFe 
304, V205, Cu2V207, and a chemical formula LiMn2~xMx02 ( — however, the spinel mold manganic 
acid lithium which are M=Co, and nickel, Fe, Cr, Zn and Ta, and is written by x= 0.01 - 0.1) — A 
chemical formula is Li2Mn3M08 (however). M=Fe, the lithium-manganese multiple oxide written by 
Co, nickel, Cu, and Zn, LiMn 204 which permuted a part of Li with alkaline earth metal ion, a disulfide 
compound, and Fe2(Mo04) 3 from — at least one kind of compound among the becoming positive- 
active-material groups The included lithium secondary battery according to claim 1, 2, or 3. 
[Claim 5] The metal with which the negative-electrode active material was chosen from aluminum, 
Sn, Si, In, Ga, and Mg, an alloy, the above-mentioned metal, or the above-mentioned alloy and the 
alloy of a lithium, Or carbonaceous ingredients, such as a natural graphite, an artificial graphite, a 
carbon fiber, a vapor growth carbon fiber, a pitch system carbonaceous ingredient, needle coke, 
petroleum coke, a polyacrylonitrile system carbon fiber, and carbon black, Or the amorphous carbon 
ingredient which compounded the cyclic hydrocarbon of five membered-rings or six membered-rings, 
or a ring type oxygenated organic compound by the pyrolysis, Or the conductive polymer which 
consists of the poly acene, poly para-phenylene, a poly aniline, and polyacethylene or SnO, Ge02 and 
SnSi03, SnSi 0.5O1.5, SnSi0.7aluminum0.1 B0.3P0.2O3.5, SnSi0.5aluminum0.3B0.3P0.5O4.15 14 
containing groups or the oxide of 15 group element, Or an indium oxide, a zincic acid ghost, Li3FeN2 
or Fe2Si3, FeSi, FeSi2, the silicide containing Mg2Si, Or the lithium secondary battery according to 
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claim 1, 2, 3, or 4 which contains at least one kind of compound among the negative-electrode active 
material groups which consist of Ag f Sn, aluminum, Pb, Zn, Cd f Au, carbon, and composite material. 
[Claim 6] An electrolyte is a lithium secondary battery according to claim 1, 2, 3, 4, or 5 which is at 
least one kind of lithium salt among the electrolyte groups which a chemical formula becomes from 
LiPF6, LiBF4, LiCI04, UCF3S03, UCF3C02, LiAsF6 and LiSbF6, and a low-grade aliphatic- 
carboxylic-acid lithium. 

[Claim 7] The above-mentioned electrolyte Propylene carbonate, ethylene carbonate, butylene 
carbonate, vinylene carbonate, Gamma-butyrolactone, a butyrolactone, dimethyl carbonate, diethyl 
carbonate, methylethyl carbonate, 1, 2-dimethoxyethane, 2-methyl tetrahydrofuran, dimethyl 
sulfoxide, 1 , 3-dioxolane, a formamide, dimethylformamide, methyl propionate, ethyl propionate, trialkyl 
phosphate, trimethoxy methane, dioxolane, diethylether, a sulfolane, 3-methyl-2-oxazolidinone, a 
tetrahydrofuran, The lithium secondary battery according to claim 1, 2, 3, 4, 5, or 6 which dissolved in 
at least one kind of solvent for nonaqueous electrolyte among the nonaqueous electrolyte groups 
which consist of 1, 2-diethoxy ethane, chloroethylene carbonate, and KURORU propylene carbonate. 
[Claim 8] The lithium secondary battery according to claim 1, 2, 3, 4, 5, 6, or 7 with which the solid 
electrolyte was held in the electrolyte according to claim 6 at at least one kind of macromolecule 
among the macromolecule groups of ethylene oxide, acrylonitrile, vinylidene fluoride, a methyl 
methacrylate, and hexafluoropropylene. 

[Claim 9] The lithium secondary battery according to claim 1, 2, 3, 4, 5, 6, 7, or 8 with which the gel 
electrolytic solution had the electrolyte and the solvent for nonaqueous electrolyte held in the 
macromolecule of ethylene oxide, acrylonitrile, vinylidene fluoride, a methyl methacrylate, and 
hexafluoropropylene. 

[Claim 10] The lithium secondary battery whose systems carrying a lithium secondary battery 
according to claim 1 , 2, 3, 4, 5, 6, 7, 8, or 9 are an electric vehicle, an air-conditioner, an electric 
bicycle, an electric wheelchair, the power source for charge stands, a power source for home power 
equalization, and a power-source system of a power tool. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a high capacity type lithium secondary battery by the 
group cell made combining the unit cell which used as the main component the negative electrode 
and positive electrode which can carry out insertion desorption of the lithium, and nonaqueous 
electrolyte. 
[0002] 

[Description of the Prior Art] Since the discharge capacity per unit weight is large as compared with 
a nickel hydrogen rechargeable battery, the existing cell, for example, nickel cadmium rechargeable 
battery, the lithium secondary battery which is the example of representation of a nonaqueous 
electrolyte rechargeable battery is used for portable electrical machinery and apparatus, such as a 
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video camera and a portable telephone. 

[0003] However, it is large, and the aforementioned cell capacity is about 5-20 Whs, and there is 
cylindrical [ much / of a winding type ]. On the other hand, when using as a power source for load 
leveling of an electric vehicle or power, thing at least 1 kWh or more is needed. 

[0004] Since the conductivity of the electrolytic solution of a lithium secondary battery which is the 
example of representation of a nonaqueous electrolyte rechargeable battery is dissolving lithium salt 
in the organic solvent, it is very small, and it is about [ of the electrolytic solution of a water-solution 
system like a nickel cadmium rechargeable battery ] 1/40. For this reason, in a lithium secondary 
battery, the internal resistance of a cell is large and the heavy-loading property and low-^temperature 
property of a cell are not only inferior compared with a water-solution system, but it serves as a 
serious failure from problems, such as generation of heat, about enlargement of a cell. 
[0005] From the above-mentioned reason, examination for internal resistance reduction of a lithium 
secondary battery is performed by every place. These results, since the contact resistance between 
active material particles falls, it is effective for electric resistance value reduction inside a cell to 
pressurize the laminating electrode plate which constitutes the cell, and the pressurization method of 
various laminating electrode plates is proposed. For example, only when cell temperature is in a 
predetermined temperature requirement using the method which pressurizes a laminating electrode 
plate, the method which pressurizes a laminating electrode plate by bolting using a pressure plate, 
and the plate which deforms further in a predetermined temperature requirement by pushing in a 
laminating electrode plate compulsorily into a cell case, the method (JP,8~64234,A) which pressurizes 
an electrode plate layered product is indicated. 

[0006] It is indispensable to, increase the electrode surface product of a laminating electrode plate 
for high capacity-ization of a lithium secondary battery on the other hand and to become the group 
cell type which combined many unit cells. However, in the lithium secondary battery which carried out 
in this way and was high-capacity-ized, since the welding pressure which is acting on the mixture on 
an electrode substrate side from the location of an electrode plate or fluctuation of the welding 
pressure depended for every unit cell is changed and the electrode reaction at the time of charge 
and discharge is changed by this, local degradation of an electrode plate arises and a cycle property 
poses a problem. 
[0007] 

[Problem(s) to be Solved by the Invention] The mixture on all the electrode plate surfaces that 
constitute the lithium secondary battery is pressurized by the same force, and it is made for 
fluctuation not to arise [ the resistance of a mixture ] the location of an electrode plate, or the whole 
unit cell. 
[0008] 

[Means for Solving the Problem] the thickness and the weight pan of all electrode plates which 
constitute the unit cell from a lithium secondary battery of the high capacity type made combining 
the unit cell — the mixture on display flatness and an electrode plate surface — while making a 
consistency and coverage the same, the space the inside of a group cell case and besides a unit-cell 
case is made to generate hydrostatic pressure, and by pressurizing all electrode plates with the same 
value, the mixture on an electrode plate surface is pressurized by the same force, and is solved. 
[0009] By pressurizing some packing within a cell case, the hydrostatic-pressure pressurization in 
this invention has pointed out the method with which the electrode layered product which packing 
varies and is in packing is pressurized equally. 

[0010] Specifically, it is 0.1kg/cm2 - 10kg/cm2. The layered product of the electrode plate insulated 
with the separator is put in in the unit-cell case which may deform easily, without destroying in a 
pressure range, the electrolytic solution is poured in, and a unit cell is produced. In addition, in 
0.1kg/cm2 or less outside a pressure range, workability is bad, and it is 10kg/cm2. Since resistance 
fluctuation arises between after [ pressurization ] unit cells above, this range is desirable. 
[0011] Next, after inserting these unit cells into a group cell case and performing predetermined 
connection, a group cell case is sealed. It becomes possible to pressurize the mixture on all the 
electrode plate surface in a group cell with the same welding pressure by carrying out restoration 
pressurization of independence or those mixture for a gas liquid or solid-state powder in the space 
besides a unit-cell case, and finally, generating hydrostatic pressure in a group cell case within a 
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group cell case. 

[0012] If a hydrostatic-pressure generating-medium object can carry out deformation migration easily 
with a pressure by the stable matter, without reacting with the electrolytic solution etc., it will not be 
restricted to the class, but when inert gas objects, such as an argon, are used for a hydrostatic- 
pressure generating-medium object, the weight rate of increase of this invention cell is stopped. The 
viewpoint on insurance, for example, prevention of explosion ignition, is expected, and a liquid is 
expected as a safe lithium secondary battery from prevention of explosion ignition etc., when a heat- 
curing type liquefied synthetic-resin object is further used for a hydrostatic-pressure generating- 
medium object, water, noncombustible insulating oil, and. It is effective in supply of the reliable this 
invention cell as a hydrostatic-pressure generating-medium object to use solid-state powder, such 
as ceramic powder, such as SiC and an alumina. Moreover, it can become The means for solving a 
technical problem also considering what mixed the gas into the liquid and mixed the gas and the liquid 
to mixing and fine particles as a hydrostatic-pressure generating-medium object. In order that the 
method which contains a unit cell on a package, furthermore contains this in a rubber membrane bag 
by ceramic fine particles, and pressurizes this bag plurality with a liquid may also pressurize all the 
electrode plates in a unit cell with the same value using hydrostatic pressure, it is under the category 
of this invention. 

[0013] moreover, this invention — the structure of a unit cell — a winding-type cylinder cell — be - 
- an electrode plate laminating type square shape cell — be — further — a coin cell — be — it is 
not caught by the structure of the unit cell which constitutes the group cell. 

[0014] Although what kind of thing may be used as long as the case ingredient of a unit cell shows 
electric insulation without making the electrolytic solution penetrate, and it does not react with the 
electrolytic solution and it satisfies the above-mentioned conditions, synthetic resin, such as 
polyethylene, a polycarbonate, and polypropylene, is illustrated. When taking into consideration 
reduction of the heat closure nature of a unit-cell case, or the air contact possibility of the 
electrolytic solution etc., the laminate film which carried out the coat of the metallic foils, such as 
aluminum, with synthetic resin is desirable. 

[0015] Not only internal resistance value reduction of a unit cell but the internal resistance value 
fluctuation of this invention between unit cells decreases in order to pressurize all the unit cells in a 
group cell by the same force, and since the lithium secondary battery excellent in the cycle property 
is obtained considering high capacity, power consumption is suitable for carrying in the electrical 
machinery and apparatus which needs the rechargeable battery which was excellent in the cycle 
property with high capacity operation of 1 .OkWh or more. For example, an electric vehicle, an air- 
conditioner, an electric bicycle, an electric wheelchair, the power source for charge stands, the power 
source for home power equalization, various kinds of power tools, etc. are raised. 
[0016] A chemical formula the positive active material used for this invention LiCo02, LiNi02, LiNil- 
xMx02 (However, they are M=Co, and Mn, aluminum, Cu, Fe, Mg, B and Ga.) nickel site permutation 
mold nickel acid lithium expressed with x=0.01-0.3, and LiMn2 — 04, LiMn03, LiMn 203, and LiMn02 
and Li2 — Cu02, LiV 308, LiFe 304, V205, Cu2V207, and a chemical formula — LiMn2-xMx02 
(however) It is M=Co, and nickel, Fe, Cr, Zn and Ta, and is x=0.01- The spinel mold manganic acid 
lithium written by 0.1, The lithium-manganese multiple oxide with which a chemical formula is written 
by Li2Mn3M08 (however, M=Fe, Co, nickel, Cu, Zn), LiMn 204 which permuted a part of Li with 
alkaline earth metal ion, a disulfide compound, and Fe2(Mo04) 3 grade are suitable. 
[0017] The metal with which the negative-electrode active material in this invention cell was chosen 
from I, Sn, Si, In, Ga, and Mg on the other hand, an alloy, the above-mentioned metal, or the above- 
mentioned alloy and the alloy of a lithium, Or carbonaceous ingredients, such as a natural graphite, an 
artificial graphite, a carbon fiber, a vapor growth carbon fiber, a pitch system carbonaceous 
ingredient, needle coke, petroleum coke, a polyacrylonitrile system carbon fiber, and carbon black, Or 
the amorphous carbon ingredient which compounded the cyclic hydrocarbon of five membered-rings 
or six membered-rings, or a ring type oxygenated organic compound by the pyrolysis, Or the 
conductive polymer which consists of the poly acene, poly para-phenylene, a poly aniline, and 
polyacethylene or SnO, Ge02 and SnSi03, SnSi 0.5O1.5, SnSi0.7aluminum0.1B0.3P0.2O3.5, 
SnSi0.5aluminum0.3B0.3P0.5O4.15 14 containing groups or the oxide of 15 group element, Or an 
indium oxide, a zincic acid ghost, Li3FeN2 or Fe2Si3, FeSi, FeSi2, and Mg2Si The included silicide or 
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Ag, Sn, aluminum, Pb, Zn, Cd, Au and carbon, and composite material are suitable. 
[0018] an electrolyte — a chemical formula — LiPF6, UBF4, UCI04, and LiCF3 — S03 and LiCF3 — 
the lithium salt which consists of a low-grade aliphatic-carboxylic-acid lithium of C02, LiAsF6, and 
LiSbF6 grade is suitable. On the other hand, the solvent for nonaqueous electrolyte Propylene 
carbonate, ethylene carbonate, butylene carbonate, vinylene carbonate, gamma-butyrolactone, a 
butyrolactone, dimethyl carbonate, diethyl carbonate, methylethyl carbonate, 1, 2-dimethoxyethane, 
2-methyl tetrahydrofuran, dimethyl sulfoxide, 1, 3-dioxolane, a formamide, dimethylformamide, methyl 
propionate, ethyl propionate, trialkyl phosphate, trimethoxy methane, dioxolane, diethylether, a 
sulfolane, 3-methyl-2-oxazolidinone, a tetrahydrofuran, 1, 2-diethoxy ethane, chloroethylene 
carbonate, KURORU propylene carbonate, etc. are suitable. 

[0019] When this invention is applied to the lithium secondary battery and giant-molecule object of 
the solid electrolyte type which made the electrolyte hold on giant-molecule objects, such as 
ethylene oxide, acrylonitrile, vinylidene fluoride, a methyl methacrylate, and hexafluoropropylene, to 
the so-called gel electrolytic-solution type which made not only an electrolyte but the solvent hold of 
lithium secondary battery, an improvement of a cell property is remarkable. 
[0020] Although the reason has not clarified at present, I think that it is based on remarkable 
reduction of the internal resistance of the cell by the pressurization of an electrode plate. 
[0021] 

[Embodiment of the Invention] Hereafter, although an example explains this invention to a detail, this 
invention is not limited only to the following examples. In addition, although cell production of an 
example and evaluation of a group cell were performed in argon atmosphere, an actual unit-cell 
ambient atmosphere changes with a hydrostatic-pressure generating-medium object. For the 
hydrostatic-pressure generating-medium object used by this example, examples 1 and 4 are 
[ insulating oil and the example 3 of argon gas and an example 2 ] alumina powder. 
[0022] (Example 1) The configuration outline of the unit cell produced by this example to drawing 1 is 
shown. 

[0023] the electrode plate which constitutes the unit cell from drawing 1 — a 5.5x7.0cm electrode — 
from the part 1 and the 1 .0x0.5cm electric conduction edge 2 where the mixture is applied — 
becoming — an electrode — a mixture — the spreading section is wrapped in the nonwoven fabric 
and the micropore nature film 3 made from polypropylene for separators, respectively, further — the 
electric conduction edge 2 of these electrode plates — an electrode — a mixture — the 1.0x1 0.0cm 
band 4 for electric conduction made from the same ingredient as a spreading substrate ingredient has 
pasted up. 

[0024] The positive-electrode plate 5 is [ 19 sheets and the negative-electrode plate of the number 
of sheets of the electrode plate used for the unit cell ] 1 8 sheets of the double spread electrode 
plate 6, and two a total of 20 of the single spread negative-electrode plates 7 besides **. 
[0025] In addition, in d rawin g 1 , only a total of seven sheets of three double spread positive- 
electrode plates, two double spread negative-electrode plates, and two single spread negative- 
electrode plates are illustrated from the purpose which describes only the configuration of a unit cell. 

[0026] The laminating of the electrode plate for unit cells made as mentioned above is carried out, 
this layered product is put into the bag 8 made from a laminate film, and it is 1.0M. LiPF6 of 
concentration After pouring in the mixed solvent solution of propylene carbonate (PC) and 1 and 2- 
dimethoxyethane (DME) as the electrolytic solution and performing a reserve charge and discharge 
test 3 times after that, heat joining closure of the upper part in a bag was carried out the whole 
conducting sleeve for forward negative electrodes, and it prepared as a unit cell of this invention. 
[0027] in addition, the outline dimensions of a unit cell — 8.0x6.5cm — thickness — about 0.9cm it 
is . Moreover, the discharge capacity value of a unit cell is 10 Whs. 

[0028] The configuration of the group cell of this invention produced to drawing 2 using the unit cell 
which shows the bag 8 made from a laminate film to drawing 1 used as the unit-cell case is shown. 
[0029] From drawin g 2 t the positive-electrode terminal 12 and the negative-electrode terminal 13 
are made into serial connection for the unit cell 1 1 shown in drawing 1 through ten pieces and an 
electric insulator 14. 0.3mm in thickness From the hydrostatic-pressure generating-medium object 
restoration opening 18 which prepared the argon gas which is a hydrostatic-pressure generating- 
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medium object for the group cell case in the group cell case 1 7 after inserting into the group cell 
case made from the steel plate It is filled up until the pressure within a group cell case becomes 
4.0kg/cm2, and all the unit cells were pressurized by the same force by argon gas. The check of this 
value is 0.5mm in thickness separately. A steel plate is used and it is about 0.9cm in 8.0x6.5cm and 
thickness. The sealing box was produced and it carried out from the amount measurement of 
distortion of the sealing box when having arranged the object which stuck the strain gage on the 
external surface of this sealing box to ten-piece production, having arranged this in a group cell case, 
and being filled up with argon gas to place constant pressure in a group cell case. 
[0030] In addition, the relief valve 16 which operates by 7.0kg/cm2 or more is installed in the 
produced group cell case. 

[0031] On the other hand, in the example of a comparison over this invention, it considered as the 
electrode plate pressurization method in the unit-cell case which is the conventional electrode plate 
pressurization method. A unit-cell case is produced with a steel plate with a thickness of 0.3mm 
which specifically constitutes the group cell case, and it is inserting an electrode plate layered 
product compulsorily into this, and becomes the form where an electrode plate layered product is 
pressurized in a unit-cell case. Such a unit cell was installed in the ten-piece group cell case, serial 
connection of the positive-electrode terminal 12 and the negative-electrode terminal 13 was carried 
out through the electric insulator 14, and it evaluated as a group cell. 

[0032] As mentioned above, the outline configuration of the group cell produced by this example was 
described. Hereafter, the method of producing an electrode plate is explained to a detail, a positive- 
electrode plate — an aluminium foil top — as an electric conduction agent — PVDF of carbon 
powder 9.0wt% and a binder — 4.0wt(s)% and the remainder — LiNi02 from — the electrode which 
kneads the becoming mixed fine particles by N methyl pyrrolidone, and is obtained — a mixture is 
applied to both sides of aluminum foil with a thickness of 0.02mm, and a vacuum drying is carried out 
at 140 degrees C. The configuration of a negative-electrode plate is the same as a positive electrode, 
it is square shape tabular [ which prepared the electric conduction edge ], and a spreading substrate 
is copper foil, a negative electrode — combination of a mixture — the graphite system **** powder 
of an active material — 90.0wt(s)% — PVDF of a binder 10.0wt% it is . 

[0033] Evaluation of a cell property was performed with the number of cycles when constant-current 
system performs the charge-and-discharge cycle trial between 3.0V to 4.3V and discharge capacity 
turns into 90% of initial capacity. An evaluation result is shown in Table 1. 
[0034] 
[Table 1] 

m i 



No. 








fit 3- 


1 






2 3 1 




2 






8 7 


tttm 



[0035] Although a crack is started from Table 1 90% in 87 cycles with the conventional method, in 
this invention, 90% crack of initial discharge capacity does not occur up to 231 cycles, but the 
effectiveness of this invention is checked. 

[0036] (Example 2) The configuration of the group cell produced by this example is the same as 
drawing 2 of an example 1, and the same as an example 1 in this example except having used 
insulating oil as a hydrostatic-pressure generating-medium object. Using the hydrostatic-pressure 
generating-medium object restoration opening 18 specifically illustrated to drawing 2 f impregnation 
restoration of the transformer oil for an insulation was carried out into the group cell case, and the 
hydrostatic pressure same to a unit cell as an example 1 was made to act, and was evaluated. 
[0037] An evaluation result is shown in Table 2. 
[0038] 
[Table 2] 
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m * 


1 






24 1 
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2 






8 9 





[0039] Although a crack is started from Table 2 90% in 89 cycles with the conventional method, in 
this invention, 90% crack of initial discharge capacity does not occur up to 241 cycles, but the 
effectiveness of this invention is checked. 

(Example 3) Particle size of 1.0 micrometers which that also of the configuration of the group cell 
produced by this example is the same as that of drawing 2 of an example 1, added stearin acid in the 
group cell case using the hydrostatic-pressure generating-medium object restoration opening 18 
illustrated to drawin g 2 , and was heated at 50 degrees C Flow impregnation restoration of the 
alumina powder was carried out using the hydrostatic-pressure generating-medium object restoration 
opening 18, and the hydrostatic pressure same to a unit cell as an example 1 was made to act, and 
was evaluated. 

[0040] An evaluation result is shown in Table 3. 

[0041] 

[Table 3] 

m 3 



No. 
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m % 


1 






2 3 6 




2 






8 8 





[0042] Although a crack is started from Table 3 90% in 88 cycles with the conventional method, in 
this invention, 90% crack of initial discharge capacity does not occur up to 236 cycles, but the 
effectiveness of this invention is checked. 

(Example 4) The configuration of the group cell produced by this example to drawin g 3 was shown. 
[0043] From drawin g 3 , the group cell produced by this example produces ten winding-type lithium 
secondary batteries from which the cell capacity of a unit cell was made from 5 Whs, and the case 
was made with the laminate film using the example 1 ********** member, carries out serial 
connection of this, and installs it in a group cell case. The pressurization by hydrostatic pressure is 
filled up with 4.0kg/cm2 argon gas in a group cell case. 

[0044] In addition, cell capacity was 5 Whs, and the case made the unit cell the winding type lithium 
secondary battery which is a stainless steel can, carried out ten-piece serial connection of this, and 
used the example of a comparison in this example as the group cell. A pressurization method is the 
pressurization only using the tension produced by winding an electrode band. 

[0045] Evaluation is 3.0V by constant-current system to 4.3V to the group cell which was the same 

as the example 1 and was produced. The charge-and-discharge cycle trial of a between was 

performed, and comparative evaluation was carried out with the number of cycles when discharge 

capacity turns into 90% of initial capacity. 

[0046] The evaluation result was shown in Table 4. 

[0047] 

[Table 4] 
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m 4 



No. 








fit m 


1 






3 3 1 




2 






18 7 





[0048] Although the cycle characterization results of the group cell which combined the winding type 
unit cell in the conventional method made into the method which pressurizes an electrode plate with 
a unit-cell can from Table 4 are 187 cycles Make a unit-cell case saccate, make this into ten-piece 
serial connection, and, in this invention method thing which pressurized the electrode in a unit cell by 
the same pressure by being filled up with 4.0kg/cm2 argon gas in a group cell case after insertion 
installation in a group cell case, 90% crack of initial discharge capacity does not occur up to 331 
cycles. Effectiveness is checked. 
[0049] 

[Effect of the Invention] On the occasion of production of a mass lithium secondary battery, it is 
installed in the same cell container in which two or more unit cells had relief valves, such as gas 
drainage, and since the electrode plate in a unit cell is pressurized in the state of the same pressure 
and a cycle property is not only improved, but it can use the case of a unit cell as a low-specific- 
gravity lightweight article by ** by generating hydrostatic pressure in a group cell case, effectiveness 
is expected also from improvement in a capacity consistency. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawin g 1] The explanatory view of the unit cell of the lithium secondary battery produced in the 
examples 1-3. 

[Drawin g 2] The explanatory view of the lithium secondary battery produced in the examples 1-3. 
[ Drawin g 3] The explanatory view of the lithium secondary battery produced in the example 4. 
[Description of Notations] 

1 — electrode — a mixture — the spreading section, 2 — electric conduction edge, and 3 — the 
positive-electrode plate wrapped in the separator, the band for 4 — electric conduction, and 5 — 
separator. 
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DRAWINGS 



[Drawing 1] 

B 1 

(a) 

8 




[Drawing 2] 

m 2 




[Drawing 3 ] 
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